Background and objectives Compared with non-First Nations, First Nations People with diabetes experience higher rates of kidney failure and death, which may be related to disparities in care. This study examined First Nations and non-First Nations People with diabetes for differences in quality indicators and their association with kidney failure and death. Results This study identified 140,709 non-First Nations and 6574 First Nations People with diabetes. There was a significant interaction between First Nations status and CKD for the outcomes (P,0.01); therefore, results are stratified by CKD. Among participants without CKD, First Nations People were less likely to receive process of care indicators and achieve target A1C compared with non-First Nations People. For those with CKD, First Nations People were as likely to receive these indicators (other than LDL) and achieve LDL and A1C targets. Lack of LDL and A1C assessment and achievement of targets were associated with increased risk of kidney failure and death similarly for both groups.
Introduction
Diabetes affects .6% of the Canadian population (1) and is the leading cause of ESRD (2) . The prevalence of diabetes is 3-fold to 4-fold higher in First Nations People (3) , and diabetes is the cause of kidney failure in .60% of First Nations ESRD patients (4) .
Quality of care indicators are performance measures used to evaluate provision of recommended care (5) , and are typically defined by clinical practice guidelines (6) (7) (8) . Despite the potential importance of high-quality care (9) , there is evidence that the quality of care is variable (10) , with lack of adherence to quality of care standards contributing to worse clinical outcomes (11, 12) .
Previous studies suggest First Nations People experience disparities in health care compared with the general population (13, 14) , including among patients with CKD (15) . Although the increased prevalence of diabetes among First Nations People may contribute to their increased rates of ESRD, it is unknown whether the care they receive also plays a role.
We aimed to determine whether there were differences in quality indicators for First Nations and non-First Nations People with diabetes, and whether deficiencies in quality indicators were associated with worse clinical outcomes, including kidney failure and death. We hypothesized that First Nations with diabetes, both with and without CKD, would experience deficiencies in quality indicators and increased rates of adverse outcomes, compared with non-First Nations People.
Materials and Methods

Study Population
We identified a cohort of adults aged $18 years from Alberta, Canada, who had at least one outpatient serum creatinine measurement from January 1, 2005 to December 31, 2008 using our provincial laboratory repository (16) . The date of the first creatinine measurement during this period was used to define the index date. Patients with diabetes were identified using Alberta Health and Wellness (AHW) provincial administrative data and a validated diagnostic algorithm (one hospital admission with diabetes or two physician claims for diabetes in a 2-year period) (17) . We excluded participants receiving renal replacement therapy (chronic dialysis or kidney transplant) before cohort entry, those relocating outside the province in 1 year of cohort entry (precluding assessment for the outcome), and those without a prior diagnosis of diabetes, for a final study population of 147,283 ( Figure 1 ).
First Nations status was determined from the AHW Registration File, which identifies individuals registered with the Department of Indian and Northern Affairs under the Federal Indian Act. According to the 2006 Canadian census, approximately 81% of the self-identified First Nations population is registered under the Federal Indian Act (18) . Median household income and location of residence were determined by linking individual postal codes to 2006 Canadian census data (18) .
Hypertension was defined using a validated algorithm (19) . The Charlson comorbidity score (excluding renal disease) was calculated as the sum of the weighted comorbidities (20) , with comorbidities identified from AHW hospitalization and physician claims files during the 3-year period before the index date. Specialist care was defined as at least one outpatient visit to a nephrologist or general internist in the year before the index date. We estimated GFR (eGFR) using the Modification of Diet in Renal Disease study equation (21) , and defined CKD as eGFR ,60 ml/min per 1.73 m 2 .
Outcome Measures
We chose the following three laboratory markers from the 2003 Canadian Diabetes Association guidelines (22) as process of care quality indicators based on their measurement at least once in the year after the index date: urine albumin/creatinine ratio (ACR), fasting LDL, and hemoglobin A1C (A1C). Two surrogate outcome quality indicators were defined as "achieved" based on LDL or A1C of #96.7 mg/dl or 7%, respectively (22) (the mean value was used for those with multiple measurements of LDL or A1C during the 1-year observation period). Clinical outcomes were assessed from the index date to the end of study follow-up (December 31, 2009). Kidney failure was defined as a composite renal outcome (doubling of serum creatinine or progression to ESRD), with ESRD defined as the date of registration for chronic dialysis or renal transplantation (23) . We determined death from the AHW registry file.
Statistical Analyses
Baseline characteristics are reported as means and SDs, medians and interquartile ranges, or proportions as appropriate. The potential for interaction between First Nations and CKD status was assessed and found to be significant for all laboratory-related outcomes (P,0.01); therefore, results are presented stratified by CKD. The associations between First Nations status and likelihood of measurement of each quality indicator, and between First Nations status and each quality indicator target, were expressed as odds ratios (ORs) with 95% confidence intervals (95% CIs) using multivariable logistic regression models adjusted for sociodemographic characteristics, comorbidities, and specialist (nephrology or internal medicine) care. Age-and sex-adjusted rates of kidney failure and mortality, by First Nations status, were calculated using Poisson regression. Finally, the associations between achievement of each quality indicator target and outcomes of kidney failure and mortality were assessed using Cox proportional hazards models, adjusted as for the logistic regression models, and expressed as hazard ratios (HRs). Ethics approval was obtained from the University of Calgary Conjoint Health Research Ethics Board.
Results
Baseline Characteristics
The study cohort included 6574 (4.5%) First Nations and 140,709 (95.5%) non-First Nations People with diabetes (Table 1) . Compared with non-First Nations, First Nations People were younger, more likely to be women, with lower income and living in a rural location of residence. First Nations People also had higher mean index eGFR, were less likely to have hypertension, and were less likely to have seen a nephrologist or internal medicine specialist in the prior year compared with non-First Nations People. Similar baseline characteristics were present when further stratified by CKD status (Supplemental Appendix A).
Quality Indicators and Targets
Among participants without CKD (eGFR ‡60 ml/min per 1.73 m 2 ), First Nations People were less likely to receive urine ACR (OR, 0.79; 95% CI, 0.74 to 0.85), fasting LDL cholesterol (OR, 0.61; 95% CI, 0.57 to 0.65), and A1C (OR, 0.69; 95% CI, 0.65 to 0.74) measurements compared with non-First Nations People (Table 2 and Supplemental Appendix B). However, among participants with CKD, the likelihood of receiving the quality indicators was similar for First Nations and non-First Nations People, except for measurement of LDL cholesterol (OR, 0.85; 95% CI, 0.73 to 0.98).
Among participants without CKD (eGFR $60 ml/min per 1.73 m 2 ), First Nations People were less likely to achieve the A1C target (OR, 0.83; 95% CI, 0.77 to 0.91) but as likely to achieve the LDL target (OR, 1.06; 95% CI, 0.96 to 1.16) compared with non-First Nations People. Among participants with CKD, the likelihood of achieving the A1C target (OR, 0.93; 95% CI, 0.78 to 1.11) and LDL target (OR, 1.14; 95% CI, 0.91 to 1.41) were similar for First Nations and non-First Nations People.
Clinical Outcomes and Associations with Quality Indicator Targets
First Nations People experienced higher age-and sexadjusted rates of the composite renal outcome and mortality compared with non-First Nations People in both CKD and non-CKD subgroups (Table 3 and Supplemental Appendix C). Among First Nations People with CKD, rates of the composite renal outcome were almost 4-fold higher The association between achievement of treatment targets and outcomes (kidney failure and death) was similar for First Nations and non-First Nations People, both with and without CKD (Tables 4 and 5 ). First Nations People without CKD not achieving A1C target had a higher risk of kidney failure (HR, 1.82; 95% CI, 1.02 to 3.25) compared with those achieving the A1C target. A similar increase in the risk of kidney failure was evident among non-First Nations People without CKD not achieving target A1C (HR, 1.62; 95% CI, 1.40 to 1.87). Among First Nations People with CKD, lack of LDL cholesterol measurement was associated with a higher risk of mortality (HR, 1.78; 95% CI, 1.26 to 2.50) compared with those achieving the LDL target, with a similar increase in the risk of mortality among non-First Nations with CKD (HR, 2.04; 95% CI, 1.93 to 2.16) and without CKD (HR, 2.15; 95% CI, 2.03-2.28).
Among non-First Nations People with CKD, lack of A1C measurement was associated with a lower risk of kidney failure compared with those achieving the A1C target (HR, 0.73; 95% CI, 0.63 to 0.83). Among non-First Nations People with and without CKD and among First Nations without CKD, those not achieving the LDL target had a lower risk of mortality compared with those who achieved the LDL target.
Discussion
In this population-based cohort of individuals with diabetes, we identified important differences in quality of care and outcomes between First Nations and non-First Nations People. Among the subgroup without CKD, First Nations People were less likely to receive diabetes-specific quality indicators and achieve A1C targets. However among people with CKD (the highest risk group), the likelihood of obtaining these indicators and achieving targets was similar for First Nations and non-First Nations People, other than assessment of LDL. Despite these similarities in measured quality of care, First Nations People with diabetes and CKD continue to experience rates of kidney failure and death that are 2-fold higher than non-First Nations People, suggesting that other aspects of care or disease severity may be contributing to worse outcomes. We are unable to determine the reasons for the differences in care for First Nations People with and without CKD based on our data sources, and can only speculate that it is related to both patient and health care system factors with closer monitoring of disease parameters among patients with more severe disease. Our results for the subgroup of First Nations with diabetes and without CKD are similar to those reported by Dyck et al. (24) . In their study, the authors found that quality indicators and targets were less likely to be achieved in the First Nations People compared with other Saskatchewan residents in a cohort from the province's two largest health regions. However, in contrast to our results, this disparity was observed in individuals with CKD as well as those without CKD. These differences may be partly explained by the manner in which the outcomes were defined. Whereas we compared the likelihood of achieving an A1C target #7% between First Nations and non-First Nations People, Dyck et al. (24) compared the difference in mean A1C between First Nations and non-First Nations People.
Similar to the study by Dyck et al. (24), we reported a .3-fold higher age-and sex-adjusted rate of the composite renal outcome for First Nations compared with non-First Nations People, whereas the rates of earlier stages of CKD were lower for First Nations compared with non-First Nations People. Although there are likely a number of contributing factors, poorer glycemic control at all levels of renal function (24) may contribute to the disparities in these rates. For First Nations People living on reserve, provision of health care services is a federal responsibility. The extent to which delivery of primary care services to First Nations People on reserve may have contributed to these increased rates of the composite renal outcome could not be determined from the data sources available.
One potential explanation for the gap in care for First Nations People with diabetes and without CKD (who comprised the large majority of the current cohort) may be related to rural residence location, where access to health care resources has been reported to be lower compared with urban locations. Rucker et al. has shown an inverse relationship between achieving quality indicators and distance to a nephrologist in patients with CKD (25). Although we did adjust for location of residence, this was broadly categorized as rural or urban. Strategies for improving care to rural First Nations communities specifically have been identified, including emphasis on lifestyle and preventative care, strategies to increase medication compliance, and modifications to environmental factors to enable patients to adopt healthy lifestyles (26) .
We chose quality indicators based on laboratory markers of diabetes care. Assessment of these indicators and achievement of targets are associated with reduced morbidity and mortality in patients with diabetes. Both the Diabetes Control and Complications Trial (27) and the UK Prospective Diabetes Study (28) studies demonstrated a reduced risk of proteinuria with intensive glycemic Data are presented as adjusted odds ratios (95% confidence intervals), adjusted for age, sex, hypertension, Charlson score, location of residence, income, and specialist care. ACR, albumin/creatinine ratio; A1C, hemoglobin A1C. Data are presented as the adjusted rate (95% confidence interval), adjusted for age and sex.
control. Furthermore, long-term follow-up of these studies (29, 30) , demonstrated that tight glycemic control was associated with a decreased risk of cardiovascular disease and mortality. In the Steno-2 study, adherence to quality indicators and targets (aspirin, angiotensin inhibition, A1C ,6.5%, total cholesterol ,174 mg/dl, BP goal ,130/80 mmHg) led to a reduction in cardiovascular events and mortality (31) . However, these quality indicators reflect adherence to clinical practice guidelines; cultural differences between First Nations and non-First Nations People may affect the uptake of these practices and contribute to the differences reported in our study (32). The disparities in care for First Nations People without CKD reported here are not unique to patients with diabetes. First Nations People in general experience decreased access to both primary generalist care and specialist care, compared with similar geographic and socioeconomic populations (13) . Decreased access to specialist care for First Nations People has also been shown in patients with epilepsy and CKD (14, 15) . However, to our knowledge, our study is the first to correlate disparities in care to clinical outcomes, and to show that such differences vary with the presence of comorbidity such as CKD.
Our results suggest that risk of mortality was lower if LDL was not at target in all non-First Nations People and in First Nations People without CKD. The reasons for this are not clear from the data sources available, but we speculate that it may be related to underlying severity of disease in that patients near death have lower LDL levels (33) , and those with higher cardiovascular disease (and higher risk of death) are treated more aggressively to achieve LDL targets (34) . Similarly, the reasons for the lower composite renal outcomes for non-First Nations People with CKD and A1C not measured is unclear from the data available, but may be related to better glycemic control and a perceived need for less aggressive monitoring (35, 36) .
Our study results should be interpreted in light of its limitations. First, administrative data were used to identify both First Nations status and diabetes. Although there is potential for misclassification, the algorithm used to identify diabetes has sensitivity and specificity of 86% and 87%, respectively (17) . Furthermore, approximately 81% of the First Nations population are registered under the Federal Indian Act and recorded in the administrative data registry file (18); therefore, any misclassification is likely to be minimal. Second, the number of First Nations People in our study (and in particular the subgroup with CKD) was small, and is consistent with the geographic distribution of First Nations People in Canada (18); therefore, the statistical power to detect differences between First Nations and non-First Nations People may be limited. Third, given the data sources, we were unable to validly determine cause of death; therefore, we were unable to determine the extent to which the increased mortality rates were due to accidental death rather than disease. However, deaths due to accidental causes among First Nations People are more common in younger age groups of male sex; thus, the mortality rates were adjusted for age and sex to account for these differences. Finally, we were only able to access quality indicators available through laboratory data; other important quality indicators for patients with diabetes such as BP control, use of angiotensin inhibitors, as well as access to nonphysician primary care services in First Nations communities, would provide further information regarding quality of care differences but were not available. Despite these limitations, our study provides important insight into the quality of care delivered to First Nations People with diabetes without CKD. First Nations People with diabetes and CKD do not experience disparities in assessment of most laboratory-based quality indicators or achievement of LDL or A1C targets compared with nonFirst Nations People. However, disparities in care were observed in the larger group without CKD. Given the overall increased risk for ESRD and mortality, further information is required regarding other processes of care for First Nations People with diabetes that may be contributing to worse outcomes.
